Law Offices 

McGuireWoods LLP 
1 750 Tysons Boulevard, Suite 1 800 
McLean, Virginia 22102 


APPLICATION 
FOR 

UNITED STATES 
LETTERS PATENT 


Applicants: Ulrich Augustin 

For: HYDRAULICALLY ACTUATED INJECTOR 

WITH DELAY PISTON AND METHOD OF 

USING THE SAME 
Docket No.: 00-1 102 


1 

HYDRAULICALLY-ACTUATED 
INJECTOR WITH DELAY PISTON 
AND METHOD OF USING THE SAME 

Cross Reference to Related Application 
This application claims priority to U.S. provisional application serial number 
60/261,810, filed on January 17, 2001. 

DESCRIPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to an oil activated fuel injector and, more 
particularly, to an oil activated electronically or mechanically controlled fuel injector 
control with a delay piston and method of use. 

Background Description 
20 

There are many types of fuel injectors designed to inject fuel into a combustion 
chamber of an engine. For example, fuel injectors may be mechanically, electrically or 
hydraulically controlled in order to inject fuel into the combustion chamber of the engine. 
In the hydraulically actuated systems, a control valve body may be provided with two, 
25 three or four way valve systems, each having grooves or orifices which allow fluid 
conununication between working ports, high pressure ports and venting ports of the 
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control valve body of the fuel injector and the inlet area. The working fluid is typically 
engine oil or other types of suitable hydraulic fluid which is capable of providing a 
pressure within the fuel injector in order to begin the process of injecting fuel into the 
combustion chamber. 

I In current designs, a driver will deHver a current or voltage to an open side of an 

open coil solenoid. The magnetic force generated in the open coil solenoid will shift a 
spool into the open position so as to align grooves or orifices (hereinafter referred to as 
"grooves") of the control valve body and the spool. The alignment of the grooves permits 
^ the working fluid to flow into an intensifier chamber firom an inlet portion of the control 

V\ 10 valve body (via working ports). The high pressure working fluid then acts on an 
gi intensifier piston to compress an intensifier spring and hence compress fuel located 

within a high pressure plimger chamber. As the pressure in the high presswe plimger 
Q chamber increases, the fuel pressure will begin to rise above a needle check valve 

Opening pressure. At the prescribed fuel pressure level, the needle check valve will shift 

In 

p 15 against the needle spring and open the injection holes in a nozzle tip. The fuel will then 
be injected into the combustion chamber of the engine. 

However, in such a conventional system, a small quantity (pilot injection) of fuel 
cannot be efficiently injected into the engine during a pre-stroke phase of the plunger 
which leads to higher emissions and engine noise. The smaller quantities of fiiel cannot 

20 be efficiently injected into the engine because once the solenoid valve of the injector is 
opened a larger quantity of fuel is injected into the engine. To provide a smaller quantity 
of fuel, a delay of the pre-stroke of the plimger must be provided. But, this can only be 
provided in the conventional system by adding more working fluid, under high pressure, 
into the injector. The additional pressurized working fluid may cause a delay; however, 

25 additional energy fi-om the high pressure oil pump must be expanded in order to provide 
this additional working fluid. This leads to an inefficiency in the operations of the fuel 
injector, itself, and also does not provide a consistent supply of fuel into the engine. 


The present invention is directed to overcoming one or more of the problems as 
set forth above. 

SUMMARY OF THE INVENTION 

In a first aspect of the present invention, a fuel injector includes a spool sHdable 
between a first position and a second position and an intensifier body positioned 
proximate to tfie spool. A compression assembly, which preferably includes a piston, 
plunger and spring mechanism, is slidably positioned within the intensifier body for 
compressing fiiel in a high pressure chamber. A delay piston assembly is formed between 
the high pressure chamber and fuel bores for metering fiiel between the high pressure 
chamber and injection nozzles. 

In embodiments, the delay piston assembly includes a bore in fluid 
communication with the high pressure chamber and a delay piston positioned within the 
bore. A biasing spring is disposed within the bore and biases the delay piston in a first 
position. A groove is formed within the disk and surroimds a portion of the delay piston. 
A channel and outlet throttle in fluid communication with the bore allows fuel to spill to 
ambient. The delay piston allows a pilot quantity of fuel to be injected into a combustion 
chamber of an engine during a pre stroke phase of the compression assembly which, in 
embodiments, is approximately one cubic millimeter. The delay piston may also prevent 
fuel fi-om flowing through the groove and into the fuel bore. 

In another aspect of the present invention, a delay piston is provided. The delay 
piston includes a body having an upper surface and a lower surface and a fuel bore 
extending between the upper surface and the lower surface. A piston bore is in fluid 
communication with the fuel bore. A biasing spring is positioned within the piston bore 
and a piston is moveable between a first position and a second position and is also 
positioned within the piston bore. The biasing spring biases the piston in the first 


position and a groove siirrounds the piston bore and is in fluid communication with the 
fuel bore. The piston partially overlaps the groove when the piston is in the second 
position. 

In another embodiment, a method of providing a pilot quantity of fuel into a 
combustion chamber of an engine during a pre-stroke phase of a fuel injector is provided. 
This method includes providing fiiel into a high pressure chamber of an intensifier body 
of the fuel injector and shifting a spool from a start position to an open position thereby 
allowing pressurized fluid to push a piston and plunger assembly downwards towards the 
high pressure chamber. The method further includes compressing the fuel within the high 
pressure chamber such that a piston moves from a first position to a second position. 
This allows a pilot quantity of fiiel to pass from the high pressure chamber to a fiiel 
nozzle and past the piston assembly when a piston of the piston assembly is moved to the 
second position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages will be better understood 
from the following detailed description of a preferred embodiment of the invention with 
reference to the drawings, in which: 

Figure 1 shows an oil activated fuel injector of the present invention; 

Figure 2 shows an exploded view of a delay piston used with the oil activated fuel 
injector; 

Figure 3 shows an exploded view of a delay piston after SOI ( Define SOI); and 
Figure 4 shows an exploded view of a delay piston in the lowest position. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 
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The present invention is directed to an oil activated electronically, mechanically 
or hydraulically controlled fuel injector which is capable of providing a pilot injection of 
fuel into the combustion chamber of an engine. In embodiments, approximately, one 
5 cubic millimeter of fuel should be injected into the combustion chamber using the present 
invention. This small quantity of fuel (pilot injection) is injected into the engine prior to 
the main injection event. The oil activated fuel injector of the present invention will thus 
increase efficiency of the injection cycle and decrease engine noise and engine emissions, 
and eliminate the need for additional working fluid to be provided in order to provide a 
1 0 pilot quantity of fuel. 

Embodiments of the Oil Activated Fuel 
Injector of the Present Invention 

1 5 Referring now to Figure 1, an overview of the fuel injector of the present 

invention is shown. The fuel injector is generally depicted as reference numeral 100 and 
includes a control valve body 102 as well as an intensifier body 120 and a nozzle 146. 
The control valve body 102 includes an inlet area 104 which is in fluid communication 
with working ports 106. At least one groove or orifice (hereinafter referred to as grooves) 

20 108 is positioned between and in fluid communication with the inlet area 104 and the 

working ports 106. At least one of vent hole 1 10 (and preferably two ore more) is located 
in the control body 102 which is in fluid communication with the working ports 106. 

A spool 1 12 having at least one groove or orifice (hereinafter referred to as 
grooves) 1 14 is slidably movmted within the control valve body 102. An open coil 1 16 

25 and a closed coil 1 1 8 are positioned on opposing sides of the spool 1 1 2 and are energized 
via a driver (not shown) to drive the spool 1 12 between a closed position and an open 
position. In the open position, the grooves 1 14 of the spool 1 12 are aligned with the 
grooves 108 of the valve control body 102 thus allowing the working fluid to flow 


between the inlet area 104 and the working ports 106 of the control valve body 102. 

Still referring to Figure 1, the intensifier body 120 is mounted to the valve control 
body 102 via any conventional mounting mechanism. A seal 122 (e.g., o-ring) may be 
positioned between the moimting surfaces of the intensifier body 120 and the control 
valve body 102. A piston 124 is slidably positioned within the intensifier body 120 and 
is in contact with an upper end of a plimger 126. An intensifier spring 128 surrounds a 
portion (e.g., shaft) of the plunger 126 and is further positioned between the piston 124 
and a flange or shoulder 130 formed on an interior portion of the intensifier body 120. 
The intensifier spring 128 urges the piston 122 and the plunger 126 in a first position 
proximate to the control valve body 102. A pressure release hole 132 may be foraied in 
the body of the intensifier body 120. 

As further seen in Figure 1, a first disk 134 and a second disk 136,.respectively, 
are positioned below the intensifier body 120 remote firom the valve control body 102. 
The combination of an upper surface 134a of the first disk 134, an end portion 126a of the 
plunger 126 and an interior wall 120a of the intensifier body 120 forms a high pressxire 
chamber 138. A fuel inlet check valve 140 is positioned within the disk 134, in 
embodiments, and provides fluid communication between the high pressure chamber 138 
and a fuel area (not shown). This fluid communication allows fuel to flow into the high 
pressure chamber 138 firom the fuel area during an up-stroke of the plunger 126. The 
pressure release hole 130 is also in fluid commimication with the high pressure chamber 
138 when the plunger 126 is urged into the first position; however, fluid communication 
is interrupted when the plunger 126 is lu-ged downwards towards the disk 134. The disk 
134 also includes a fuel bore 140 in fluid commimication with a fuel bore 142 of the disk 
136 and a fuel bore 144, respectively, of the of the nozzle 146. The disk 134 also 
includes a delay piston assembly generally depicted as reference numeral 148, which 
includes a return spring and piston within a bore and other elements as discussed in more 
detail with reference to Figures 2-4. 


Figure 1 further shows the nozzle 146 and a spring cage 149 The spring cage 149 
is positioned between the nozzle 146 and the disk 136, and includes the fuel bore 144 in 
fluid communication with the fuel bore 142 of the disk 136. The spring cage 149 also 
includes a centrally located bore 150 having a first bore diameter 150a and a second 
smaller bore diameter 150b. A spring 152 and a spring seat 154 are positioned within the 
first bore diameter 150a of the spring cage 149, and a pin 153 is positioned within the 
second bore 150b. 

The nozzle 146 includes a bore 154 in fluid alignment with the bore 144. A 
needle 156 is preferably centrally located with the nozzle 146 and is urged downwards by 
the spring 152. A fuel chamber 158 may surround the needle 156 and is in fluid 
commimication with the bore 154. In embodiments, a heart chamber 160 surrounds the 
needle 156. As thus seen in Figure 1, flxiid communication can be accomplished between 
the high pressure chamber 138 and an injection nozzle 160 via the delay piston assembly 
148, bores 140, 142, 144, 154 and the fiiel chamber 158. 

Figure 2 shows an exploded view of tfie delay piston assembly. Specifically, the 
delay piston assembly includes a retum or biasing spring 162 and a delay piston 164 
disposed within a bore 161. The biasing spring 162 urges the delay piston 164 into a first 
position proximate to the intensifier body 120, preferably in contact therewith. The bore 
161 is in fluid communication with the high pressure chamber 138 and the bore 140. A 
groove 166 surroimds the bore 161 and partially overlaps a portion of the delay piston 
164 and is thus in fluid communication with the high pressure chamber 138 and the bore 
140 in the first disk 134. In the first position, the delay piston will present fuel fi-om 
entering the groove 166 and this preventing the fuel fi-om entering the fuel bores. 
However, in a second position, the delay piston 164 overlaps, in embodiments, partially 
with the groove 166 thus providing fluid communication between the high pressure 
chamber 138 and the fuel bore 140. A channel 168 and outlet throttle 170 are in fluid 
conmiunication with the bore 161 (and hence the delay piston 164) which allows the fuel 
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to spill to ambient via a channel 140a of the fuel inlet check valve 140. In the start or 
initial position, the top of the delay piston 164 contacts the intensifier body. 

Figure 3 shows the position of the delay piston 164 after SOL In this position, the 
return spring 1 62 begins to compress due to the pressure of the fuel within the high 
pressure chamber. In Figure 4, the delay piston 164 is in its lowest position such that the 
fuel from the high pressure chamber 138 can flow into the bore 140 via the groove 166. 
In this position, fuel captured within the bore 161 below the delay piston 164 can also 
flow to ambient via the channel 168 and outlet throttle 170. By using this mechanism, a 
small quantity of fuel (pilot quantity) can now be efficiently injected into the engine 
during a pre-stroke phase of the plunger assembly. 

Operation of the Oil Activated Fuel 
Injector of the Present Invention 

In operation, a driver (not shown) will first energize the open coil 116. The 
energized open coil 116 will then shift the spool 112 from a start position to an open 
position. In the open position, the grooves 108 of the control valve body 102 will 
become aligned with the grooves 1 14 on the spool 112. The alignment of the grooves 
108 and 1 14 will allow the pressurized working fluid to flow from the inlet area 104 to 
the working ports 106 of the control valve body 102. 

Once the pressurized working fluid is allowed to flow into the working ports 106 
it begins to act on the piston 124 and the plunger 126. That is, the pressurized working 
fluid will begin to push the piston 124 and the plunger 126 downwards thus compressing 
the intensifier spring 128. As the piston 124 is pushed downward, fuel in the high 
pressure chamber will begin to be compressed via the end portion 126a of the pltmger. A 
small quantity of compressed fuel will force the delay piston 164 and the spring 162 
downwards. The delay piston 164 will then overlap with the groove 166 so that a pilot 
quantity of fuel can be supplied to the nozzle for injection into the combustion chamber 
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of the engine, via the injection nozzle. In embodiments, approximately one cubic 
millimeter of fuel will be injected via this mechanism such that a reduction in emissions 
and engine noise will result, and a greater efficiency will be achieved by the fuel injector 
of the present invention. 
5 As the pressure increases, the plunger 126 will be pushed further downward until 

an injection quantity of fuel is supplied to the engine. In this position, as the pressure 
increases, the fuel pressure will rise above a needle check valve opening pressure until the 
needle spring 149 is urged upwards. At this stage, the injection holes are open in the 
^ nozzle thus allowmg a main fuel quantity to be injected mto the combustion chamber of 

p 10 the engine. 

^ To end the injection cycle, the driver will energize the closed coil 118. The 

in 

a magnetic force generated in the closed coil 118 will then shift the spool 112 into the 

closed or start position which, in turn, will close the working ports 106 of the control 
^ valve body 102. That is, the grooves 108 and 1 14 will no longer be in alignment thus 

in 

p 1 5 interrupting the flow of working fluid from the inlet area 104 to the working ports 106. 

lU ... 
■ At this stage, the needle spring 152 will urge the needle downward towards the mjection 

holes of the nozzle thereby closing the injection holes. Also, the intensifier spring 128 

urges the plunger 126 and the piston 124 into the closed or first position adjacent to the 

valve control body 102. As the plunger 126 moves upward, the delay piston 164 will also 

20 move upwards via the force of the spring 162. At this position, the delay piston will 

prevent fuel from entering the groove 166. Any fuel remaining within the bore 161 will 
be released to ambient via the channel 168 and outlet throttle 170. 

While the invention has been described in terms of preferred embodiments, those 
skilled in the art will recognize that the invention can be practiced with modification 

25 within the spirit and scope of the appended claims. 


